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bp base pair  碱基对 
DDW  double distilled water  双蒸水 
DEPC  diethypyrocarbonate  焦碳酸二乙脂 
DMSO           dimethyl sulfoxide  二甲亚砜 
DMS          dimethyl sulfide  二甲基硫 
DNA  deoxyribonucleic acid  脱氧核糖核酸 
dNTP  deoxyribonucleoside triphosphate  脱氧核苷三磷酸 
Taq             Thermos aquatics  热聚合酶 
CDNA           complementary DNA  互补 DNA 
E.coli           Escherichia coli  大肠杆菌 
LB           Luria Borth medium  肉汤培养基 
OD           optical density  光密度 
PCR           polymerase chain reaction  聚合酶链式反应 
RNA           ribonucleic acid  核糖核酸 
SDS  sodium dodecyl sulfate  十二烷基磺酸钠 
TAE           Tris/acetate electrophoresis buffer  Tris/醋酸电泳缓冲液 




































希瓦氏细菌广泛的分布在各种环境中，它们能够将 DMSO 还原为 DMS 进行
厌氧生长。通过对 20 株已完成全基因组测序的希瓦氏细菌的 dms 基因簇的比较，
在希瓦氏菌中已发现五种类型的 dms 基因簇，其中的 10 种具有 typeI 
dmsEFABGH 。相比较于 typeI 型的 dms 基因簇，typeII 型和 typeIII 型的则多含
了一个编码外膜脂蛋白的基因；typeIV 型多含有一个不同的基因，编码与核酸内
切酶相关的蛋白质；typeV 型含有 dmsC 基因，其排序与 E.coli 中的很相似，缺
少编码 DmsEF（类似于 MtrAB）的基因，DMSO 还原酶位于细胞周质，由 DmsC
锚定在内膜上[1]。 
在 WP3 中，除了找到了希瓦氏菌中已发现的五种类型之一的典型的 dms 基
因簇类型 typeI dmsEFABGH 外，还发现一种新的类型 dms 基因簇，即 typeVI 型
dms 基因簇，缺少 dmsF 基因，在 dmsE 与 dmsA 之间还存在两个属于 LysR 家族
的转录调节基因，这两个调节基因的功能还未知。WP3 以 DMSO 进行厌氧生长
时，typeVI 型 dms 基因簇中的 dmsA-2 和 dmsB-2 明显高表达，typeI dmsEFABGH
也不是 WP3 进行 DMSO 厌氧呼吸所必需的，与 MR-1 中的情况正好相反。 

















DMSO 的功能的不同类型的 dms 基因簇。当一种类型的 dms 基因簇中 DMSO 还
原酶基因缺失后，另一种类型中 DMSO 还原酶基因就会增加转录量至原来的 2-3
倍，两种类型的基因簇的单独存在均能维持缺失菌体 大限度的利用 DMSO 进
行厌氧生长，而与野生型 WP3 的厌氧生长没有什么差别。 
WP3 中 DmsA 经 NCBI Blaste 比对，DmsA-1 与 Shewanella sediminis 
HAW-EB3 有 高同源性 90%，Shewanella woodyi ATCC 51980 有 89%的同源性；
DmsA-2 与 Shewanella putrefaciens CN32 有 高同源性 61%，与 Shewanella 
oneidensis MR-1 有 60%的同源性。但是 WP3 中的 DmsA-1 和 DmsA-2 在一级结
构的序列上相似性比较低，相比较其他菌株而言仅有 53%，在同一菌株中具有同
样的功能。WP3 不仅含有两种类型的 dms 基因簇，而且 DMSO 还原酶复合物中
蛋白质的序列具有高度可变性，也很好的说明了希瓦氏菌对 DMSO 还原作用的
灵活多样性。 
在大肠杆菌中，Fnr 和 NarL 的共同作用调节 dmsABC 基因的表达。在厌氧
条件下 Fnr 对 dmsABC 基因的表达起正调控作用；在硝酸盐存在的条件下，NarL
对 dmsABC 基因的表达起负调控作用。在 MR-1 中，EtrA（电子传递蛋白 A）与
Fnr 同源性高达 73.6%，却不是 MR-1 进行 DMSO 厌氧呼吸所必需的，与 Fnr 的




现在 WP3 中 crp 基因缺失突变株正在构建，所以 crp 基因与 WP3 厌氧呼
吸是否有联系还不确定。WP3 中 etrA 基因（swp2580）与 MR-1 的同源性高达
88%，已经成功构建了 WP3 中 etrA 基因的缺失突变体，测定了突变株△etrA 对
DMSO 厌氧呼吸作用的影响。与野生型菌株比较，突变株的生长状态没有什么
变化，etrA 对 WP3 还原 DMSO 的过程没有调控作用。同时检测了 WP3 中 etrA
基因对含硫化合物的还原作用，在 20℃下以硫代硫酸钠为电子受体进行厌氧生
长时，突变株△etrA 同样能够将硫代硫酸钠还原，与野生菌株没有差异。WP3
中 etrA 基因对其还原含硫化合物的过程并不起调控作用。 

















DMSO 的还原作用。在 dms 基因簇的附近没有找到 Fur 的 DNA 结合区域，通过
本实验室孙坪同学对 fur 基因的研究，认为 Fur 影响了细胞色素 C 的成熟系统，
使厌氧呼吸的电子传递链受到影响，间接影响了 WP3 对 DMSO 等多种电子受体


























Bacterial respiration, the most basic and important biological metabolism 
pathways, is flexible and various. There is close relationship between one bacterial 
respiration pathway and others. Bacterial respiration with DMSO not only involves in 
the global sulfur cycle、 iron cycle、the cooling effect of global climate and rainfall 
acidity, but also is closely related to changes in atmospheric ozone concentration. 
Microorganisms living in the extreme environment of deep-sea must have special 
physiological metabolic pathways to adapt to extreme environments. They can play an 
important role in "the global ecosystem". 
The deep sea bacteria used in this study was isolated from deep-sea sediments of 
1914m depth in west Pacific. The phylogenetic analysis and molecular study shows 
that the bacterium is a psychrophilic and piezotolerant microbe with the term as 
Shewanella piezotolerans WP3, which will be an ideal material to study the 
adaptation mechanism of extremophiles to the extreme environments. In this 
experiment, combined with bioinformatics and molecular biology technique, we 
analysed the composition、 expression and regulation of anaerobic DMSO respiration 
system in WP3. We have a deeper understanding of the unique genes、special 
metabolic pathway and the role of deep-sea microbes in environment.  
Shewanella species have been isolated from many aquatic environments. They 
can produce DMS through respiration of DMSO under anaerobic condition. Before 
the investigation of WP3，five dimethyl sulphoxide (DMSO) family subsystems were 
found. TypeI dmsEFABGH is present in 10 of the 20 sequenced Shewanella species. 
Deletion of type I components in Shewanella oneidensis MR-1 leads to a severe 
defect in DMSO reduction. Compared with the type I subsystem, the type II and III 
subsystems contain an additional gene that is predicted to encode an outer-membrane 




















endonuclease-III related protein. The type IV subsystem is more characteristic of 
Escherichia coli, as it lacks genes that encode the MtrAB-like module (DmsEF), it is 
predicted to encode a periplasmic localized DmsAB reductase complex and it encodes 
the inner-membrane anchoring protein DmsC. 
Two dms gene clusters exist in WP3, including type I subsystem and a new type 
subsystem without dmsF. There are two regulator genes before dmsA-2.  This new 
dms gene cluster is type VI subsystem. The function of two regulator genes is 
unknown. In contrast with MR-1, deletion of type I components in WP3 leads to no 
defect in DMSO. Gene expression was greatly induced under anaerobic growth 
conditions for genes tested in the typeVI dms gene cluster (32 to 45fold) compared 
with a slight induction for genes tested in the typeI dms gene cluster (3 to 7fold). 
TypeI dms gene cluster is not necessary for anaerobic respiration with DMSO in 
WP3. 
We tested phenotype growth of some single dms gene deletion strains and double 
dmsB genes deletion strain compared with wildtype WP3 at 4℃ and 20℃. The result 
shows that WP3 has two types of functional dms gene clusters. When one gene cluster 
is destroyed, the other one also can make mutant have the grestest ability of reducing 
DMSO as the same as the wildtype WP3 by increasing the expression of dms genes. 
In WP3, DmsA-1 is 90% similar to DmsA in Shewanella sediminis HAW-EB3 
and 89% similar to DmsA in Shewanella woodyi ATCC 51980; DmsA-2 is 61% 
similar toDmsA in Shewanella putrefaciens CN32 and 60% similar toDmsA in 
Shewanella oneidensis MR-1. DmsA-1 is 53% similar to DmsA-2 in the sequence 
similarity of the primary structure. It is relatively low, compared to other strains, but 
they have same function. By contrast, variability in the use of DMSO can be provided 
by the presence of multiple copies of entire DMSO-reductase-containing subsystems 
in a single organism, differences in the types of electron-transfer components in these 
subsystems and the high degree of variability within the protein sequence of the 




















Escherichia coli can respire anaerobically using dimethyl sulfoxide (DMSO) or 
trimethylamine-N-oxide (TMAO) as the terminal electron acceptor for anaerobic 
energy generation. Expression of the dmsABC genes that encode the 
membrane-associated DMSO/TMAO reductase is positively regulated during 
anaerobic conditions by the Fnr protein and negatively regulated by the NarL protein 
when nitrate is present. In S. oneidensis, however, CRP has also been linked to the 
regulation of anaerobic respiration, whereas in other bacteria, anaerobic growth is 
governed by the redox-sensing protein FNR (fumarate nitrate-reduction regulator). 
Interestingly, the S. oneidensis electron-transport regulatorA (EtrA), which shares a 
high degree of amino acid sequence identity with the E. coli FNR protein (73.6%), is 
not essential for anaerobic growth and reduction of electron acceptors by MR-1. By 
contrast, S. oneidensis MR-1 crp mutants are deficient in the anaerobic reduction of 
Fe(III), Mn(IV), fumarate, nitrate and dimethyl sulphoxide (DMSO). The mechanism 
of CRP activation under anaerobic conditions is unknown, as CRP lacks obvious 
redox-sensing domains and therefore is not expected to respond to redox changes. 
WP3 crp gene deletion mutant is under construction. The relationship between 
the crp gene and WP3 anaerobic respiration is uncertain. WP3 etrA gene (swp2580) is 
88% similar to the MR-1 etrA gene .We have been successfully constructed WP3 etrA 
gene mutant and tested its phenotype growth. WP3 etrA gene deletion mutant also can 
reduce N a2S2O3 under anaerobic condition. The etrA gene is not essential for 
anaerobic growth and reduction of DMSO or N a2S2O3 by WP3. 
In the Sunping’ study of WP3 fur gene (ferric uptake regulator) ,WP3 fur gene 
deletion mutants are deficient in the anaerobic reduction of some electron acceptors 
including DMSO. There is no DNA-binding box of Fnr near the dms gene cluster. It is 
predicted that Fur indirectly impact the anaerobic reduction of DMSO by affectting 
the maturation of cytochrome C system for the anaerobic respiration of the electron 
transport chain. This suggests that Fnr dose not directly activate the transcriptional 




















respiration is complex and required multiple genes through multiple pathways. 
 






























源极为丰富。海水, 尤其是深海, 营养相对贫乏,其间生物活动相对较少, 但从海水
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